CCS 2018 Summer School

Monitoring and
Understanding Sea Level
from Space

Carmen Boening

Jet Propulsion Laboratory
California Institute of Technology

© 2081 California Institute of Technology. Government sponsorship
acknowledged.



Why are we interested in sea level changes?

Worldwide, ~150 million people (5m in US) live within zones at risk
from just 1 meter (~3 ft) of sea level rise

Mitigation costs in the billions of dollars (For example, shoreline
retreat in the United States is projected to cost between USD 270
billion to 475 billion for each meter of sea level rise)

Hurrlcane Sandy

Sea level rise added an
additional 1 foot to storm

jpl.nasa.gov



What do the predictions say?

IPCC 2007

500 Estimates Instrumental record Projections
of the past of the future
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How do we measure sea level change?
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How do we measure sea level from space?

Jason series measures
sea surface height
changes since 1992
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Sea Surface Height Measurements — TOPEX/Poseidon
Jason - Technique
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Global Mean Sea Level

TOPEX

Jason-1

Jason-2
-~ 60-day smoothed
—— Trend: 3.4 = 0.4 mm/yr
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Mass Measurements — GRACE and GRACE-Follow On - Technique
GRACE Mission Concept
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Global Mean Ocean Mass

Image Credit: NASA/JPL



Records of sea level change since 1992
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Using Multiple Satellites to “Track” Water

== Total SSH (Altimetry)
== Ocean Mass (GRACE)
== Thermosteric (Argo)

= = = GRACE + Argo
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Terrestrial Water Storage in 2010 and 2011

2009-10

PR :-;;M -
Y, LG — = ___/\CE water
: — s from 2010
ites more
= “tralia and
~ = 1 America.

2010-11

Boening et al., 2012

T T 0 5 . 100
Mass in millimeter of water thickness

jpl.nasa.gov



Image Credit: NASA

Arapaho Glacier (Boulder, CO)
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. . . * 198,000 glaciers in the world
Welghlng Glacial Melt « Cover an area of 726,000 km?

* 1/3 of current sea level rise

Mass Budget
[Gtyr']

Gardner et
al., 2013




Ice Sheet Loss affecting sea level

Greenland: ~7 m sea level eqv.
J-\ntarctlca ~60 m sea level eqv.

GREENLAND ICE MASS LOSS
2003-2013

“RACE welghs the ice sheets

equivalent water height (meters)

Change in Ice Mass since 2003

APRIL 2004
1500

Average Mass Loss 2003-2012:
280 Giga-tons / year

Mass Change (Giga-tons)

Image Credit: NASA

jpl.nasa.gov



Ice Sheet Loss affecting sea level

Mass Change (Giga-tons)

Image Credit: NASA

ANTARCTIC ICE MASS LOSS
2003-2013
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Average Mass Loss 2003-2012:
90 Giga-tons [ year

Change in Ice Mass since 2003
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Percentage contribution to Sea Level Rise
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Regional changes

Total Sea Level change

Total Sea Level change
w/o the global trend

Steric Sea Level change

jpl.nasa.gov



Regional Differences

Mar 01, 2009




What is the El Nino Southern Oscillation?

La Nina Conditions Normal Conditions El Niho Conditions

“El Nino—Southern Oscillation (ENSO) is an irregularly periodical
variation in winds and sea surface temperatures over the tropical eastern
Pacific Ocean. The warming phase is known as E/ Nifio and the cooling
phase as La Nina. Southern Oscillation is the accompanying atmospheric
component, coupled with the sea temperature change: El Nifio is
accompanied with high, and La Nifia with low air surface pressure in the
tropical western Pacific. The two periods last several months each
(typically occur every few years) and their effects vary in intensity.”



https://en.wikipedia.org/wiki/Winds
https://en.wikipedia.org/wiki/Sea_surface_temperature
https://en.wikipedia.org/wiki/El_Ni%C3%B1o
https://en.wikipedia.org/wiki/La_Ni%C3%B1a
https://en.wikipedia.org/wiki/Surface_pressure

Definition of ENSO

ENSO

indices
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Definition of ENSO
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How does it affect us?

EL NINO CLIMATE IMPACTS

December-Februar




How does it affect us?

LA NINA CLIMATE IMPACTS

December-Fet




ea Level Fingerprint

Greenland -166 Gt/yr

0.15

S

Sea Level Change Portal

Simulation

Local Sea Level Change Contributed
by Glaciers/ice Sheets
. 1

Total contribution (Ice + Ocean)
2.452mm /1 yr

0.00 0.15

Relative sea-level change (mm/yr)

0.30

0.45

Introduction
Tos d t our team from N
Cal s from p d in Science Ad S
Once you click
orall contributior

« red: strong contribution to sea leve
« blue: strong contribution to sea level

en: no contribution

k the More
Info... button below.

How to Run the Simulation
etobe

(default)
Gradient Fingerprint
3. Ice Thickness Change from (

The results will then be rendere




SEA LEVEL RISE GLOBAL MEAN

SEA LEVEL People impacted

CO NTRIBUTIDNS by flooding per year

if not mitigated

& IMPACTS

~-50-575
millions for
0.6-1.2m

~25-400

GCIERS Satellite Data —0.3— millions

Tide Gauge Data for 0.3-0.5m

——“-'/

meters

TODAY: 0.4 -1.1mm / yr*
2100: 0.7-2.6mm / yr*

TODAY: -0.01 - +0.09mm / yr°
2100: no change

ICE SHEETS

"s:: : ;n, _‘;5- e

Global Mean Sea Level
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TODAY: 0.4 - 0.8mm / yr*
2100: ~2mm / yr to >12mm / yr*

ANNUAL CONTRIBUTIONS TEMPERATURE
CHANGES
Potential Rate at Year 2100 TODAY: 1 -2 mm / yr

2100: 1-5mm / yr'

Rate Today




Flooding and Beach and Cliff Losses from Combinations of
Sea Level Rise, Climate Variability, Tides, Waves, and Runup

Maximum Potential Flooding Elevation
Extra 2 m!

15m

Sea Level -
o ’ - Ocean Warming + lce Melt

Long-Term Risks ‘ ,.

California California
Today W | > 2100+

Bill O’Reilly Cartoon
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Looking at NASA (sea level) data

me

My Data

Select data to overlay. Expanding each item allows you to change
transparency and view legends for the data.

O il .Amm_

Jet Propulsion Laboratory | California Institute of Tech.
&)A Analysed Sea Surface Temperature =0 %

EYES ON THE EARTH

NOAA/NESDIS/NCDC
Availability: Jan 1,982 - Oct 1, 2015

ALL -
oo | — e
E A R T H I 3121 OSTM Blevation from - B
Avalabiity. Jan 15,1993 - 1
Ocean Surface Sa S
7. 2014 ; ; : o
0% 50% 100%
-200.000 mm 200.000 mm
f,
Name: Sea Surface Heights, Altimetry, 1 degree, 1 month samples
- Version: 1
. ; ipti from the TOPEX / Jason-1 and -2 as
( . o [ well as ERS/ENVISAT/AltiKa series of altimeters. Based on AVISO 1/4
4 ‘ . degree, daily "nrt-msla” grids.
: \ & Processing Center: JPL
f Rt Archive Center:
! ¥ Data Format: netcdf
o Platform: TOPEX
2

s90 lovel roliaf exaggaration: 36 millon times actus
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To access additional layout options:

Click on “Home Tab,” then click on the downward
arrow next to the “New Slide” icon located on the left
corner of the menu bar.
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